Introduction
An accurate estimation of the electricity generation of a Solar Thermal Electric (STE) plant during its lifetime requires not only a precise model of the plant, but also accurate input data and the knowledge of the associated uncertainty. The solar resource data, usually provided as a Typical Meteorological Year, is the most significant contributor to the uncertainty of the results. The better the solar resource information available, the more accurately a project´s performance can be estimated, reducing uncertainty and risk for investors [1] . There are not many databases of measured DNI data, perhaps because of the high acquisition and operation costs of pyrheliometers [2] precluded the generalization of their use until very recent times. Alternative sensors have recently come into the market, but there is concern about their uncertainty [3] . In many cases, the estimation of the solar resource is based on the use of accepted databases of data derived from satellite images and conversion models.
The main objective of this paper is to analyze and compare the effect of using two different sources of solar radiation data on the statistical relationships between the annual DNI values and the corresponding electricity generation of a STE plant. The first source is a database collected at the meteorological station of the Group of Thermodynamics and Renewable Energies (GTER) installed at the roof of the Seville School of Engineering. Although the station has been measuring continuously since 1984, we have used the data collected from 2000 to 2012, because they have been carefully quality-checked and completed following well documented procedures. The second, a synthetic database of DNI has been generated from global horizontal measured values using Meteonorm .
Methodology

Solar radiation datasets
The basic DNI datasets used for this study consist of: a) thirteen years of measurements, from 2000 to 2012, from the GTER database; and b) The corresponding synthetic series, generated with the computer tool Meteonorm V 6.1.0.23 using the monthly values of GHI of the GTER selected years as input. The hourly DNI datasets are generated from the monthly values of measured GHI. This input is converted into daily and hourly values applying stochastic and time dependent, autoregressive, Gaussian models and finally the hourly values of DNI are obtained using a relational model [4] .
We have also elaborated a Typical Meteorological Year (TMY) from the GTER database using the TMY3 NREL methodology [5] , modified in the sense that only DNI and GHI values are taken into account; a second TMY for the same location has been obtained directly from Meteonorm. In addition, we have generated two extended DNI datasets consisting of a total of 145 annual series each, by concatenating the monthly DNI series from the registered thirteen-year GTER database and from the thirteen synthetic years to have a bigger sample to work with. Every annual series consists of twelve consecutive months from the thirteen years (GTER or synthetic) and, consequently, there are only months from two different calendar years, as a maximum, in each annual series.
Statistical analysis of the solar radiation datasets
We have analyzed the yearly values of both, registered and synthetic, datasets to find out whether there are significant differences -and, if so, quantify them-from a statistical point of view.
As a first step, we have compared the registered and synthetic 13-year datasets to find possible similarities and differences between them. The statistics in which we have focused have been the mean value and several percentiles (P10, P50 or P90), but we have also included other statistics like the standard deviation or the maximum and minimum values. We have done a similar analysis with the extended databases (145 years), calculating the same statistics and comparing them with the previous ones.
Electricity generation calculation using EOS software
EOS [6] , a parabolic trough model that have been validated against actual data from two operating stations with TES system in Spain, is the result of the collaboration established in 2006 between AYESA and the Group of Thermodynamics and Renewable Energies of the University of Seville. In general terms, the main goal of the EOS simulator is to calculate the instantaneous power plant output by solving the mass and energy balances. EOS is based on the fragmentation of the plant model in interconnected modules that represent different functional parts of the plant, as shown in Figure 1 .
Every simulation is preceded by a design definition phase, necessary to define plant systems features. Once the plant is completely defined, the simulations are carried out as a function of the meteorological data. The strategies implemented to simulate the operation of the TES system and the natural gas burner are aimed to:
Operate at full load and with the highest possible continuity of the power block. Extend operation after sunset. Avoid energy dumps as a consequence of the use of natural gas.
Other considerations that affect the operation of these subsystems are:
Storage System: During the night or in overcast periods, it extends the operation of the plant by operating alongside the natural gas burner. Natural Gas Burner System: Avoids interruptions in plant operation and supplements the turbine load ratio when it is not possible to achieve the rated power with energy from the solar field or the TES system. The natural gas burner is located in the oil side, in parallel to the solar field and it is designed to generate 15MW of electricity in nominal conditions. A maximum contribution level of 15% is permitted for the natural gas back-up.
The reference plant has a rated power of 50 MW with 8 equivalent hours TES. 
Statistical analysis of the electricity generation estimates
The annual electricity generation of the reference plant has been estimated, using EOS, for each of the registered and synthetic DNI annual series of the basic and extended DNI datasets described above. The relevant statistics of the results have been compared to those of the DNI series to analyze the correspondence between the statistics of annual DNI (both measured and synthetic) and electricity generation estimates. Table 2 shows the annual DNI values from both, measured and synthetic datasets for the selected thirteen years (2000 to 2012), for the TMY developed by GTER and for the Meteonorm TMY for Seville. Most of the annual synthetic DNI values, but the last two, are lower than the corresponding to the measured years (the differences are positive when measured values are higher than the synthetic ones). The difference between the maximum value (2230.2 kWh/m 2 in 2012) and the minimum value (1939.6 kWh/m2 in 2002) for measured years is about a 13%, while for synthetic years this difference is slightly higher than 17% (with a maximum of 2277.9 in 2012 and a minimum of 1884.1 in 2010). Finally, the annual DNI value of the synthetic TMY is significantly lower (10.27 %) than the one developed from the GTER measurement database. Some of the main statistical parameters for both datasets are summarized in Table 3 . All percentiles are around a 1.5-3.5% lower for the synthetic years, with a difference of 3.49% for the P50, while these differences are somewhat lower, 2.18% and 1.88%, for P10 and P90 respectively. There is a greater dispersion of the synthetic values for these thirteen years, as it can be observed in the ranges shown on the right side of the table. Finally, it should be noted that the GTER TMY, the mean value and the P50 of the measured datasets are very close to each other. 
Results
Statistical analysis of the solar radiation datasets
Basic DNI datasets (2000 -2012)
Extended DNI datasets (145 years)
The values of the P90 and P10 for the extended datasets (Table 4) are quite similar (differences around 1%) to those obtained for the thirteen years (Table 3 ), but the dispersion increases for both datasets -compare the maximum and minimum values and the percentile ranges-, especially for the synthetic one. The histograms in Figure 2 highlight the similarities and differences between the frequency distributions of both datasets. 
Statistical analysis of the electricity generation estimates
We have used the EOS code, described above, to estimate the annual electricity generation of the reference plant for each of the annual series, both measured and synthetic, of the basic and extended datasets.
Electricity generation estimates form the basic DNI datasets (2000 -2012)
The differences between the gross electricity generation estimates for measured and synthetic annual series (Table 5 ) are slightly higher than those for the corresponding DNI series, this is, the differences are somewhat amplified. The production obtained for every measured year, but 2011 and 2012, is higher than the production obtained for the corresponding synthetic years, accordingly to the relation between the respective DNI values. Regarding the TMYs, the difference in terms of production (12.16%) is higher than the difference in DNI (10.27%). The statistical analysis of the generation estimates for the basic datasets shows that the percentiles (Table 6 ) for the synthetic dataset are between 1.40 -3.57 % lower than the percentiles for the measured dataset, in accordance with the percentiles for the DNI series, but the dispersion shows a significant increase for the estimates from synthetic DNI series. Once again, the mean value and P50 of the generation estimates from measured series percentile are very close to the result for the GTER TMY, indicating that the TMY is not only 'typical' from the point of view of the estimation of the solar resource in the long term, but also an adequate time series (input) for the estimation of the performance of a CSP plant in the long term. This is illustrated in the box and whiskers diagrams below ( Figure 3 ) for both the annual DNI values and their corresponding annual gross electricity generation estimates for the basic datasets. The synthetic data exhibit higher dispersion and increased asymmetry with respect to the measured data. Table 7 shows the main statistical parameters of the generation estimates for the extended datasets. The values of the different percentiles are, once again, nearly identical to those showed in Table 6 (differences smaller than 1% in most cases). The range increases slightly for both the estimates from measured and synthetic datasets. Figure 4 shows the respective frequency histograms. Again, the values corresponding to the different percentiles of the electricity generation estimates from the extended datasets are very close, especially for the measured series, with differences below 1% to those corresponding to the basic datasets. We can observe some outliers in the DNI and electricity generation estimates from synthetic values in the whisker and box diagrams of Figure 5 , suggesting that the models used to generate the Frequency synthetic series may generate 'atypical' DNI series from correct, measured, monthly values of GHI. This has to be further explored to assess the performance of the distribution and conversion models used for this purpose. Figure 6 compares the annual DNI values (left) and electricity generation estimates (right) for the extended datasets. One interesting observation is that, both for measured and synthetic datasets, there are some years where an increase in DNI does not result in the corresponding increase of electricity generation. This emphasizes the need to assess the DNI not only in terms of annual values of DNI, but also in terms of its temporal distribution (monthly, daily, hourly).
Electricity generation estimates form the extended DNI datasets (145 years)
Conclusions
The analysis of the basic (13 calendar years) and extended (145 annual series obtained by concatenating monthly time series of 10-minute values) datasets of DNI leads to the following conclusions:
1) The mean value, the P50 and the TMY of both the basic and the extended datasets of measured data are very close to each other, with negligible differences for the basic dataset (less than 0.02%) and somewhat larger for the extended dataset (less than 2%). This result suggests that 13 years of on-site measurements are sufficient to characterize the solar resource to a very good accuracy. 2) The annual value of the TMY provided by Meteonorm is 11% lower than the one obtained form the basic datasets.
3) The differences between the synthetic P50 and mean values with respect to the corresponding values of the measured series are -2% and -3.5%, respectively. 4) There are some outliers in the extended series of synthetic DNI values, indicating that in some cases the methodology used to generate the DNI series form the GHI may result in the generation of 'atypical' months. This fact has to be explored in deeper detail in future studies. 5) These results show that the use of conversion models to estimate the annual DNI from monthly values of measured GHI provides acceptable results for the assessment of the DNI, although the uncertainty of the results increase and should be always carefully checked. The analysis of the electricity generation estimates datasets obtained by simulating the annual DNI series of the basic and extended datasets and the TMY's for a reference plant with the EOS code shows that:
1) There is a very good correspondence between the mean value and the different percentiles of the electricity generation estimates with those of the measured DNI datasets (both basic and extended). The same occurs for the TMY. This is, the statistical distribution of the DNI and electricity generation estimates are very similar.
2) The correspondence between the synthetic annual DNI values and the electricity generation estimates is also good, although both show a greater dispersion than the above-mentioned series (measured), including the presence of outliers in the distribution of the values form the extended datasets.
3) It has been observed that, for a few of the extended series, both measured and synthetic, an increase of the annual DNI value does not result in the corresponding increase of estimated electricity generation, suggesting that there is a significant effect of the intra-annual temporal distribution of the DNI.
